Abstract: Discriminant analysis of 80 samples from the Western Carbonate Platform Facies and the Eastern Transitional Carbonate-Siliciclastic Platform Facies of the Gun River Formation (Lower Silurian) on Anticosti Island, Quebec, indicates the degree to which different conodont communities were related to particular lithofacies. The statistical analysis reveals that during most of the Gun River Formation deposition, the conodont distributional pattern of the Western Carbonate Platform Facies and the Eastern Transitional Carbonate-Siliciclastic Platform Facies of the formation remained stable, and that the boundary of the two facies oscillated eastward and westward. The analysis indicates quantitatively that Icriodella deflecta had a nearshore environmental preference, whereas Rexroadus kentuckyensis tended to reside in offshore environments. These two species play the most important role in differentiating conodont communities and determining the relationship between conodont communities and lithofacies among all of the 22 species known from the Gun River Formation.
Introduction
Conodonts are common marine phosphatic microfossils of Late Cambrian -Triassic age (Sweet 1988) . They have demonstrated exceptional value as biostratigraphical tools and as geochemical and thermal maturation indicators. Much of the earlier work on conodonts had a taxonomic and biostratigraphic emphasis. The initial surge of work on the stratigraphic distribution of diagnostic conodonts was summarized by Sweet and Bergström (1974) and Higgins and Austin (1985) . As more data accumulated on conodont distribution through biostratigraphic studies, attention turned to paleoecologic studies. Earlier work is represented by two contrasting models of conodont paleoecology, i.e., the depth-stratified pelagic habit (Seddon and Sweet 1971) and the nektobenthic habit with a minority of truly pelagic forms Fåhraeus and Barnes 1975) . The latter research outlined the complex patterns of conodont paleoecology. The close correlation of conodont distribution with various sedimentologic criteria was recognized, for example, in Late Ordovician and Early Silurian conodont faunas from Hudson Bay by Le Fèvre et al. (1976) and in Triassic conodonts from Utah and Nevada by Clark and Rosser (1976) . In the latter, both descriptive methods and quantitative analyses were adopted, based on known ecological factors of associated fossils and treated conodont faunas as variables to be manipulated with a number of mathematical techniques. Carr et al. (1984) successfully used the χ 2 test, discriminant analysis, and factor analysis to document that the distribution of some Early Triassic conodonts was controlled by a depth-related environmental gradient, whereas others were not.
Other studies on Silurian conodont paleoecology (Aldridge and Mabillard 1981; Aldridge and Jeppsson 1984; Idris 1984) identified the different conodont specialists in the nearshore and offshore environments based on the conodont distribution in Norway and Britain. Analytical studies of Late Ordovician and early Early Silurian conodonts from Anticosti Island, Quebec (Nowlan and Barnes 1981; McCracken and Barnes 1981) , outlined the pattern of conodont communities and the impact of the latest Ordovician mass extinction. Zhang and Barnes (2002b) conducted cluster analysis, using both earlier and new collections, to identify 11 conodont communities through the Llandovery sequence on Anticosti Island and documented that development and replacement of the different conodont communities were related to eustatic sea level changes. Zhang and Barnes (2002c) also used cluster analysis to detail the relationship between lithofacies and conodont communities through this interval.
Anticosti Island lies in the Gulf of St. Lawrence, Quebec (Fig. 1 ). In the Late Ordovician and Early Silurian it was located about 20°south of the equator on the eastern margin of Laurentia, bordering the Iapetus Ocean. The stratigraphic sequence through this interval is continuous, undeformed, approximately 1100 m thick, and richly fossiliferous, consisting of limestone with minor shale and sandstone. The sequence is subdivided into the Upper Ordovician Vauréal and Ellis Bay formations and the Lower Silurian Becscie, Merrimack, Gun River, Jupiter, and Chicotte formations (Fig. 1) . These sediments were deposited in a broad, 40-100 km wide, storm-influenced ramp to shelf, subjected to a series of marine regressions and transgressions of differing magnitudes (Petryk 1981; Long and Copper 1994; Copper and Long 1998) .
In general, two northwest-southeast-trending carbonate and siliciclastic rock facies were identified (Petryk 1981) : the Western Carbonate Platform Facies (abbreviated as the western facies in the following text) and the Eastern Transitional Carbonate-Siliciclastic Platform Facies (abbreviated as the eastern facies in the following text) (Fig. 2) . The western facies was developed through most of the sequence and was widely distributed geographically on Anticosti Island, whereas the eastern facies was developed most extensively during the deposition of the uppermost Vauréal and Ellis Bay formations, and reappeared in the upper Becscie, upper Gun River, and upper Jupiter formations, and is restricted mainly to the eastern end of the island.
McCracken and measured three sections of Ellis Bay Formation from the west to the east of the island (Bay Ellis, Rivière Vauréal, and Rivière aux Saumons) and documented the presence of three laterally segregated conodont communities corresponding to the offshore subtidal, intermediates, and nearshore environment from the west to the east. This supported the observation of northwest-southeasttrending carbonate and siliciclastic rock facies partitioning made by Petryk (1981) .
Further observations on stratigraphy and sedimentology (Long 1997) revealed that siliciclastic sand and mud were transported into the eastern end of the Anticosti Basin by sustained longshore currents that swept the coast of Laurentia along the west coast of the Strait of Belle Isle. It appears that the siliciclastic input was related to a period of lowered sea level.
New conodont data from collections of the Gun River Formation from the eastern end of Anticosti Island by S.M.L. Pohler and P. Copper are compared with earlier conodont data from the western and central part by C.R. Barnes and colleagues. The Gun River Formation comprises most of the coastal outcrops on the eastern end of Anticosti Island and hence provided the best opportunity of all the stratigraphic units to examine west-east facies and conodont community changes.
All previous Anticosti Island Silurian conodont fauna and conodont paleoecology studies, however, were restricted to the western carbonate platform belt. The present study documents the differences in conodont faunas between the western and eastern facies during the deposition of the Gun River Formation (mid-Llandovery), based on new collections from eastern Anticosti Island.
Materials and methodology
The Gun River Formation spans the Oulodus jeannae Subzone of the Ozarkodina strena Zone and lower Ozarkodina clavula Zone of lower Aeronian, Llandovery (Zhang and Barnes 2002a) . The formation is superbly exposed along the coast and major rivers of Anticosti Island. Both carbonate and transitional carbonate-siliciclastic lithofacies are well developed within the formation, which enables this study of the relationships between lithofacies and conodont faunas.
Based on the type section on the south-central coast, Petryk (1981) divided the Gun River Formation into five informal members: member 1, 5 m thick, is composed of graptolitebearing lime mudstone with lenses of grainstone and packstone with minor shale partings; member 2 consists of approximately 7 m of lime mudstone and calcisiltite with lenses and partings of coarser carbonate and shale; member 3, 105 m thick, consists mainly of lime mudstone, grainstone, and intrarudstone; member 4, 28 m thick, shows an increase in grainstone content; member 5 is a 4 m thick biohermal unit.
In a study of the Gun River sections along the northeast coast, Long (1990) included Petryk's (1981) members 4 and 5 of Gun River Formation in the Jupiter Formation, then Long and Copper (1994) divided the formation into four members: Lachute Member, 14 m thick, consists of thinly bedded (2-5 cm), irregular to nodular lime mudstone with abundant mudstone partings and minor bioclastic lags; Innimmée Member, 17-25 m thick, consists of laminated calcareous mudstone and massive to planar cross stratified calcarenites of very fine to very coarse sand grade, with minor mudstones and lime mudstone; Sandtop Member, 35-40 m thick, is dominated by massive to weakly plane to wavy laminated lime mudstone, which occur in sharp-based sets 2-10 cm thick, separated by the thin sets of calcareous mudstone; Macgilvray Member, 23-24 m thick, is characterized by massive, nodular to subnodular lime mudstone, planer and wavy laminated lime mudstone, grainstone, abundant intraformational conglomerate, and minor calcareous mudstone.
Thus, the Lachute Member (Long and Copper 1994) corresponds to the lower two members of Petryk (1981) , and the Innimmée, Sandtop, and Macgilvray members (Long and Copper 1994) to member 3 of Petryk. To compare the conodont fauna from the western and eastern facies within the same stratigraphical interval, the analysis in this paper does not include the samples from members 4 and 5 from the western facies Barnes 2002a, 2002b) , assigned by Copper and Long (1990) to the Jupiter Formation.
For the western facies, the collections were made from the Figure 3 shows the 61 sample locations from a composite section of Gun River Formation sensu Copper and Long (1990) from the western facies. Seventeen of 37 A samples produced 2544 specimens, and 22 of 24 C samples produced 11 321 specimens, which are assigned to 22 species (A and C samples shown in Fig. 3 are from two different collections). Figure 4 shows the sample locations from a composite section of the eastern facies, from which 49 samples yielded 5851 specimens with eight barren conodont samples (Cu1-7, Cu3-A, Cu3-C, Cu5-1, Cu5-3, Cu5-5, Cu7-A, Cu9-3). Only 16 species are recognized in the eastern facies, all of which are present in the western facies.
The database for this study consists of 80 cases that are conodont-bearing samples yielding 19 716 conodont specimens and 22 variables that are the species identified among these specimens. For each sample, the number of conodonts per species included all the different element types, and the counted numbers are converted to relative abundance (percentage) ( Table 1) .
These samples are representative of both different lithofacies belts, so the variable (species) data are the values of the variables for cases (samples) whose group membership is known. It is uncertain whether all samples have proven to be predefined in the natural groups. If so, the question arises as to which species are more important than others for distinguishing between the groups. Discriminant analysis is the statistical technique most commonly used to investigate this kind of problem and to determine a mathematical combination of variables that provides the maximum separation between groups. Carr et al. (1984) performed a series of discriminant analyses to define successfully the relationships between six Early Triassic conodont taxa and three lithofacies belts.
The goal of this study is to establish statistically the relationship between lithofacies belts and conodont faunas in the Gun River Formation. A series of discriminant analyses are performed using SPSS version 6.1 for the Macintosh (SPSS Inc. 1994). Both complete and stepwise models are used to distinguish the sample groups and to identify useful species for group separation. Discriminant analysis provides the following useful tools for data interpretation: (i) group means and group standard deviations are helpful to analyze the differences between groups; (ii) the value of Wilks' lambda (sometimes called the U statistic) indicates if the group means appear to be different; (iii) a pooled, within-groups correlation matrix examines the correlation between variables; (iv) classification output lists classification information for each case for a group of cases whose membership is known and which cases are misclassified; (v) classification summary (sometimes called confusion matrix) displays the numbers of correct and incorrect classifications; and (vi) histograms of discriminant scores illustrate the result.
Relationships between lithofacies and conodont faunas in the Gun River Formation

Sample selection
All 22 conodont species were selected as potential discriminating variables, which were entered together in the model as independents. Samples containing identified conodont elements assigned to one or more of the 22 species were selected as classified cases, and the species proportion in the samples comprised the database. This resulting database consisted of 80 samples assigned to either the western or the eastern facies (coded 1 for samples from the western facies and coded 2 for samples from the eastern facies). Table 2 shows the SPSS output produced after processing all the data.
Analyzing group differences
Figures 3 and 4 show the species distribution through the Gun River Formation. Table 1 gives the detailed abundance for each species in each sample. Examination of presence, absence, and abundance data for 22 conodont species shows the distribution of 16 species that are common to both lithofacies, but it also shows some obvious differences between the conodont faunas from the western and eastern facies. In the eastern facies, no specimens of Anticostiodus boltoni Zhang and Barnes, Anticostiodus fahraeusi Zhang and Barnes, Kockelella? manitolinensis Pollock, Rexroad and Nicoll, Oulodus? expansus (Armstrong), Ozarkodina clavula Uyeno, and Rexroadus nathani (McCracken and Barnes) were found. These are also rare and only found in a low abundance in several samples in the western facies. The question arises, however, whether these rare species can differentiate adequately the conodont faunas from the different lithofacies.
Initial examination of the data indicated the value of undertaking discriminant analysis. Table 3 summarizes the group means and group standard deviations and shows that (7); Rivière Jupiter, 16-mile pool (8); Rivière Jupiter, 8-mile, 9-mile, and 10-mile pools (9-11); and roadcut on Fire Tower Road, 13.6 km southeast of 24-Mile Camp, Rivière Jupiter (12).^, conodont barren; *, misclassified. Samples from sections 9-12 are not included in the analysis.
both group means and group deviations of the aforementioned six species are zero in group 2 for the eastern facies, which is evident even without the analysis. The analysis, however, reveals some important differences between conodont faunas from the different lithofacies belts. The samples from the eastern facies contain 20.32% of Icriodella deflecta Aldridge, which is a sharp contrast to those from the western facies which yield only 4.97% of this species. Other species such as Distomodus staurognathoides (Walliser) , Oulodus sigmoideus Zhang and Barnes, and Panderodus recurvatus (Rhodes) have a higher proportion in the eastern facies than in the western facies, and their group means and group deviations in the eastern facies range from 0.89 to 3.82% and from 2.07 to 5.03, in contrast with those from the western facies that range from 0.004 to 1.09% and from 0.02 to 2.79, respectively. These species are characterized typically by their robust elements. Samples from the western facies yield minor proportions of the following species: Oulodus jeannae Schönlaub, Ozarkodina hassi (Pollock, Rexroad, and Nicoll), Ozarkodina oldhamensis (Rexroad), and Rexroadus kentuckyensis (Branson and Branson), which have relatively slender elements, and each of these four species has a higher group mean and group deviation in the western facies than in the eastern facies. Their group means and group deviations in the western facies range from 0.35 to 5.29% and from 1.49 to 6.93, in contrast with those from the eastern facies that range from 0.02 to 2.46% and from 0.06 to 4.48, respectively.
With the exception of Panderodus unicostatus (Branson and Mehl) and Ozarkodina pirata Uyeno, all species from both facies have a higher or lower group means related to higher or lower group standard deviations, respectively. Only P. unicostatus and Oz. pirata from both facies show that their higher or lower group means are related to lower or higher group standard deviations, respectively. This indicates their ubiquitous characteristics, thus they are not useful to differentiate the conodont faunas, although Oz. pirata shows a closer relationship to some species from the western facies (Table 4) . Table 5 shows significance test results for the equality of group means for each variable, and the F values and their significance are shown in the third and fourth columns. The F value for I. deflecta is 10.82, and the significance level is almost zero. If the observed significance level is small (less than 0.05), the hypothesis that all group means are equal is rejected. The significance levels of I. deflecta (0.002), P. recurvatus (0.015), Ou. sigmoideus (0.016), D. staurognathoides (0.017), R. kentuckyensis (0.018), and Ou. jeannae (0.032) are less than 0.05, indicating that these are more important than the other species in separating the groups. The second column in Table 5 gives Although the significance level (0.02) and lambda (0.94) of Oz. pirata are similar to those of Ou. jeannae, this species is less important in differentiating conodont faunas than Ou. jeannae (Table 3) .
Another way to assess the contribution of a species to the separation of the groups is to examine the correlations between the values of the discriminant function and the values of the variables. Table 6 indicates that I. deflecta has the largest correlation, with the discriminant function having an absolute value (-0.35). The negative sign indicates that a small function value is associated with the presence of I. deflecta in the western facies (coded 1). This result supports quantitatively the observations made by Walliser (1971) , Aldridge (1976) , Aldridge and Mabillard (1981) , Aldridge and Jeppsson (1984) , and Idris (1984) from European collections that Silurian Icriodella had a nearshore, shallow-water preference. 2), and the positive signs suggest that the large function values are associated with the presence of R. kentuckyensis and Ou. jeannae in the western facies (coded 1). This output also supports quantitatively the interpretation that R. kentuckyensis had an offshore environmental preference Barnes 2002b, 2002c) .
Correlations among species
Ubiquitous species such as P. unicostatus, Oz. pirata, and very rare species are not included in the following discussion. Based on analyzing group differences, it is evident that I. deflecta and R. kentuckyensis played the most important role in differentiating groups. This does not reveal which other species had a close relationship with them; however, examination of the correlation matrix of the predictor variables provides additional information. Table 4 displays the pooled within-groups correlation matrix, which shows that I. deflecta has larger coefficients with several different species such as P. recurvatus (0.34), D. staurognathoides (0.28), Ou. panuarensis (0.23), and Ou. sigmoideus (0.23). This is to be expected, as all these species have higher group means and group standard deviations for the eastern facies. Rexroadus kentuckyensis displays the largest coefficient with Oz. oldhamensis (0.28); this supports the results of a cluster analysis that revealed a close relationship between them and a close relationship between them and tempestites (Zhang and Barnes 2002c) . Table 7 lists the classification information for each sample for a group of samples whose natural group is known and for which samples are misclassified. The first column, case number, is the sequence number of the case in the file, which is same as the case number in Table 1 . All samples are labeled from 1 to 80 in the file. There were two columns between case number and actual group in the original classification output, one column (Mis Val) indicating the number of variables with missing values (if any) for that case and one column (Sel) indicating whether a case has been excluded from the computations using selection variables, if any. These two columns have been deleted to save space in Table 7 because there were no variables with missing values and no cases being excluded from the analysis.
Classification output
The group to which a sample actually belongs is listed in the column labeled actual group (column 2). The samples that are misclassified using discriminant function are marked with asterisks next to the actual group number, and the most likely group for a sample based on discriminant analysis (the group with the largest posterior probability) is listed in the column labeled "Highest group". It is evident that three samples are misgrouped out of 39 from the western facies group, and nine samples out of 41 from the eastern facies group (Tables 7, 8) . Table 8 reveals a successful discrimination of the previously defined groups: 36 of 39 samples from the western facies were predicted correctly to the members of group 1 (92.3%), and 32 of 41 samples from the eastern facies were identified correctly to the members of group 2 (78.0%). The overall percentage of samples classified correctly is 85.0% (68 out of 80 samples).
Histogram of discriminant scores
On average, samples from the western facies belt have slightly larger discriminant function scores than those from the eastern facies belt. The average value for group 1 samples from the western facies is 1.09, whereas the average value for group 2 samples from the eastern facies is 1.03 in absolute value (summarized in Table 9 ).
These discriminant functions can be used as axes to arrange the samples in two-dimensional space, a histogram of discriminant scores. The spatial pattern of samples in two dimensions can provide insight into underlying factors that are responsible for ecological closeness or separation. Figures 5a and 5b display the histograms of the discriminant scores for each group separately. The average score for each group is indicated in each plot, which is the same as the summary in Table 9 . Two group 1 samples fall clearly into the group 2 classification area, and eight group 2 samples fall into the group 1 classification area. Both are slightly different from the summary in Table 8 which shows that three and nine samples from the western and the eastern facies are misclassified, respectively.
The combined histogram of discriminant scores for the two groups is shown in Fig. 5c . The amount of overlap between the two groups is clearly evident, such that the interval with midpoint 0.2 has four samples, two from group 1 and two from group 2.
Analyzing misclassified samples and facies changes
The misclassified samples always show a closer relationship to the group that is not their natural group. The significant aspect of the misclassified samples in the particular case of the Gun River Formation is that they are useful in interpreting the brief shift from the western facies to the eastern facies, or from the eastern facies to the western facies. Table 1 shows that the common feature with the three misclassified samples from the western facies is yielding the relative abundance of I. deflecta. Samples A162, C71, and A234 produce 4.26-15.48% I. deflecta, which averages 9.20%, higher than the group mean of the species for the western facies Table 1 . Distribution of conodont species in the western and eastern facies of the Gun River Formation. (4.97%) (Table 3 ) and lower than that for the eastern facies (20.32%). Although these samples are misclassified with most samples from the eastern facies, they do not have conodont fauna characteristics of the eastern facies or the western facies, i.e., the conodont fauna has transitional characteristics. Besides the lower abundance of I. deflecta, all three samples do not have the characteristic species in the eastern facies, such as Ou. sigmoideus and D. staurognathoides, and the characteristic species from the western facies, such as R. kentuckyensis and Oz. oldhamensis. Sample C71 was once grouped in the I. deflecta -Ou. jeannaeOz. pirata community by a cluster analysis based on the samples from the western facies (Zhang and Barnes 2002b).
It was interpreted as representing a moderately high sea level. When the samples from both the western and eastern facies are combined, sample C71 tends to be grouped with samples from the eastern facies. It probably represented a lower sea level than the I. deflecta -Ou. jeannae -Oz. pirata community, which is the dominant community in the Gun River Formation in the western facies, or a lower sea level than that of most of the samples from the western facies. If most of the samples from the western facies represented a pattern of facies distribution illustrated by Petryk (1981) (Figs. 2, 6b) , then the presence of a sample such as C71 probably represented a shift of the eastern facies westwards for a brief interval (Fig. 6a) .
Examining nine misclassified samples from the eastern facies reveals an interesting pattern of their distribution through the section. Three are found out of eight conodont-bearing samples (38%) in the Lachute Member, one out of 13 (8%) in the Innommée Member, three out of four (75%) in the Sandtop Member, and three out of 17 (18%) in the Macgilvray Member. Overall, the proportions of misclassified samples from the Lachute and Sandtop members (38-75%) are higher than those from the Innommée and Macgilvray members (8-18%).
Based on the sedimentary structures and brachiopods, a water depth history within the Gun River Formation was Note: Eighty (unweighted) cases were processed, and none of these cases were excluded from the analysis. Table 2 . Sample summary from discriminant analysis.
Table 1 (concluded).
Note: The absolute abundances are shown in bold, and the relative abundances are shown immediately below each absolute abundance. *, Misclassified in the analysis. depicted based on the section along the northeastern coast (Long and Copper 1994) , i.e., the intervals of Lachute and Sandtop members may reflect a water depth of BA5 (BA, benthic assemblage of Boucot 1975) , and the intervals of Innimmée and Macgilvray members may represent a water depth of BA4. It is interesting that the members with a higher proportion of misclassified samples are related to a higher sea level, and those with a lower proportion of misclassified samples are related to a lower sea level.
In the nine misclassified samples from the eastern facies, I. deflecta is absent from seven of the samples (Cu1-4, Cu2-1, Cu3-4, Cu5-6, Cu5-7, Cu8-2, Cu8-c) and rare in the other two (Cu2-2 (11.1%) and Cu5-4 (2.3%)). The absence or lower proportion of I. deflecta is characteristic of the western facies, which is expected to be more related to higher sea level than the eastern facies. Thus, these misclassified samples from the eastern facies are interpreted to be the result of the western facies expanding eastwards (Fig. 6c) .
Comparisons between the two methods of discriminant analysis
The foregoing discussion focuses on the relationships between lithofacies and conodont faunas of the Gun River Formation and is based on the complete model. Discriminant analysis also offers another method, the stepwise model.
From the previous analysis, I. deflecta and R. kentuckyensis are the two most important species and D. staurognathoides, Ou. jeannae, Ou. sigmoideus, and P. recurvatus are less important species among the total fauna of 22 species in differentiating conodont faunas; this was not known in advance. The stepwise method identifies the useful predictor variables. The method enters the variables into the analysis step by step, and the first variable entered into the model has the largest acceptable value for the selection criterion. The analysis performed five steps to enter I. deflecta, P. recurvatus, Ou. sigmoideus, R. kentuckyensis, and A. fahraeusi. The first three species entered into the model coincide with the selection by the complete model. Rexroadus kentuckyensis, however, was placed in the fifth most important position in differentiating conodont faunas by the complete model, but here it is placed in the fourth step. Anticostiodus fahraeusi and D. staurognathoides were placed in the eleventh and fourth positions with selection by the complete model, respectively, but here the former is placed in the first fifth steps, and the latter is not even chosen by the first five steps.
The complete model gave an overall percentage of correct classification, which is 85%, but the stepwise model decreased the percentage to 80%. The two methods are in agreement on the main aspects of interpretation of conodont faunas and relationships between conodont faunas and environments. The disagreements in the minor aspects were probably caused by the analysis itself, as in fact sometimes the percentage of cases classified correctly decreases if poor predictors are included in the model. From this point of view, D. staurognathoides would probably be a better predictor than A. fahraeusi.
Discussion
Interpretations of sedimentological structures in the Gun River Formation by Long and Copper (1994) and Long (1997) suggest that the paleoflow was 15-195°(north-south) during Gun River time, with the exception of some localities in the Lachute Member in the east. This is based on the measurement on gutter casts. The gutter casts could be either parallel or perpendicular to the paleo-shoreline; if the former was the case, then the Gun River Formation would not show a difference between the eastern and western facies. The different conodont faunas from the eastern and the western facies, however, do not coincide with their sedimentological interpretation. Actually, the sedimentological structures from Note: The matrix is for 22 species (abbreviations as in Table 3 ). A number of significant species show a close relationship, whose correlation coefficients the eastern and western facies are not constant (Long 1997) ; for example, grainstone and hummocky cross-stratification are quite different between the two sides of the island (Long 1997) .
Conclusions
Statistical analysis of exceptionally well preserved conodonts from the western and eastern facies of the Gun River Formation on Anticosti Island demonstrates the relationships between lithofacies and conodont faunas. Discriminant analysis provides an excellent tool to differentiate quantitatively the conodont faunas from different lithofacies. From this discriminant analysis, the following conclusions were made: (1) The environmental preference of the Gun River Formation conodont faunas on Anticosti Island is in general agreement with some earlier studies, which indicated that changes in conodont faunas were closely related to the changes of lithofacies. (2) Most samples are classified correctly (85%), which means that during Gun River Formation time, sea level remained stable and moderately high, and the western and eastern facies distribution pattern was relatively constant. The overall percentage of samples that are misclassified (15%) was probably caused by brief sea level changes. (3) The discriminant functions reveal that two species, I. deflecta and R. kentuckyensis, are the most discriminating variables among the 22 species. The first is the representative of the eastern facies (nearshore), and the latter is the indicator of the western facies (offshore). (4) Table 9 . Canonical Discriminant functions evaluated at group means (group centroids).
Fig. 5.
Histograms of discriminant scores: (a) distribution of discriminant scores in the western facies (one symbol represents one sample); (b) distribution of the scores in the eastern facies (two symbols represent one sample); and (c) combined distribution of the scores for all groups (one symbol represents one sample). 1, group 1 west; 2, group 2 east. Fig. 6 . The distribution of the western and eastern facies during Gun River Formation time: (a) represents a brief interval of lower sea level resulting in the eastern facies spreading westwards, which is represented by the misclassified samples (A162, A234, and C71) from the western facies; (b) represents the predominant distributional pattern of the two facies, which are represented by all correctly classified samples; and (c) represents a brief interval of higher sea level with the western facies expanding eastwards, which is represented by the misclassified samples (Cu1-4, Cu2-1, Cu2-2, Cu3-4, Cu5-4, Cu5-6, Cu5-7, Cu8-2, Cu8-c) from the eastern facies (see Figs. 3 and 4 for the positions of misclassified samples). Legend as in Fig. 2 .
